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Area measurements taken from receptor autoradiograms were employed to estimate the size of striatal 
kainate lesions and the amount of shrinkage in deafferented projection areas. There was no significant 
difference in the size of substantia nigra (SN) on the denervated side as compared to the intact side one 
week and one month after unilateral striatal lesions. Although there was no change in the size of globus 
pallidus (GP) on the lesioned side one week after the lesion, there was a 17070 shrinkage one month after 
the lesion. At 3-4 months after the lesion, the amount of shrinkage was 19070 in SN and 16% in GP. 
F o r  m a n y  years ,  neurosc ien t i s t s  have used in vi t ro b ind ing  techniques  to  s tudy  the  
on togeny ,  loca l i za t ion ,  p h a r m a c o l o g y  and  b ind ing  character is t ics  o f  receptors  for  
endogenous  a n d / o r  exogenous  l igands .  Studies  o f  b ind ing  site number s  and  af-  
f ini t ies in va r ious  b r a i n  regions  a f te r  the  p lacement  o f  lesions - be they  electrolyt ic ,  
unde rcu t t i ng  o r  chemica l  - have revealed  i n f o r m a t i o n  a b o u t  the  connec t iv i ty  be-  
tween cell g roups ,  the  poss ib le  phys io log ica l  roles o f  the  receptors  and  the  p a t h o l o g y  
o f  cer ta in  diseases  [3, 4]. A m a j o r  sho r t coming  o f  m a n y  s tudies ,  which has  no t  been  
addres sed  adequa t e ly  by  researchers  measur ing  recep tor  b ind ing  in dea f f e ren ted  
s t ructures ,  is the  lack  o f  i n f o r m a t i o n  on  the  extent  o f  shr inkage  in dene rva ted  
regions .  Loss  o f  a f fe ren t  inpu t  to  a reg ion  cou ld  result  in increased  dens i ty  o f  re- 
ma in ing  cell bod ies  and  an  ove res t ima t ion  o f  the  a m o u n t  o f  increase  in b ind ing  in 
these  dea f f e r en t ed  areas .  H o m o g e n a t e  b ind ing  techniques  by  themselves  do  no t  
a l low a quant i t [ t t ive  es t imate  o f  shr inkage .  W e  repor t  here the  use o f  r ecep to r  au to -  
r a d i o g r a m s  to  measu re  the  size o f  lesions and  var ious  b ra in  regions  a f te r  shr inkage .  
Male  S p r a g u e - D a w l e y  ra ts  weighing 150-200 g received uni la te ra l  s t r ia ta l  ka ina te  
lesions by  a m i c r o i o n t o p h o r e t i c  s te reotaxic  t echn ique  descr ibed  prev ious ly  [6]. One  
week,  1, 3 and  4 m o n t h s  af te r  the  lesion,  ra ts  were decap i t a t ed .  Brains  were qu ick ly  
r e m o v e d ,  m o u n t e d  on  m i c r o t o m e  chucks ,  and  sec t ioned at  20/~m at  - 2 0 ° C  on a 
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Lipshaw cryostat. The brain sections were thaw-mounted onto subbed slides. These 
sections were subjected to three 5-min preincubations in 50 mM Tris-HCl pH 7.4 
at 4°C. Subsequently, they were incubated in 1-15 nM [3H]flunitrazepam (78 
Ci /mmol ,  Amersham) for 30 min at 37°C, subjected to two 2-min rinses in cold 
fresh buffer,  dried under a stream of  hot air, and exposed to LKB Ultrofilm 3H for 
10 days. Ultrofilm 3H was then developed in D-19 for 5 min, fixed, and dried. 
Autoradiograms were projected with a photographic enlarger onto a digitizing 
tablet (Summagraphic Bit Pad) connected to a PDP-11/23.  The outlines of  the 
striatal lesion, globus pallidus (GP) and substantia nigra (SN) were traced onto the 
digitizing tablet and the area measurements of  the enclosed tracings were calculated 
by the computer .  The program for control of  the digitizing tablet and calculation 
of  the areas was written in the C programming language. A listing is available upon 
request. Area measurements of  autoradiograms from sequential brain sections 20 
or 40/~m apart  spanning at least 200/~m per structure were done. At the lesion site, 
the ratio of  the lesion area to the entire cross-sectional area of  the striatum was 
calculated to give an estimate of  the size of  the lesion. To estimate the shrinkage 
of  the denervated areas, the ratio of  the cross-sectional area of  the structure on the 
deafferented side to that on the intact side was measured. 
Autoradiograms of  coronal brain sections f rom rats 3 months after the lesion at 
the level of  the striatum, GP and SN are shown in Fig. 1. The structures analyzed 
have clearly demarcated boundaries except that imaginary lines defined by the cross- 
ing of  the anterior commissure were used as ventral boundaries for the striatum and 
GP.  The exact areas analyzed are outlined in the figure. In the brain sections 
assayed, the lesion affected 57-100% of  the striatum. The estimated amounts  of  
shrinkage at various time points after the lesion are given in Table I. One week after 
the lesion, there was no observed shrinkage in GP  and SN. One month after the le- 
sion, there was likewise no significant difference in the size of  SN ipsi- and con- 
tralateral to the lesion, but there was a 17% shrinkage in GP.  Three to 4 months 
after the lesion, the shrinkage in SN and GP was 19% and 16°70, respectively. 
Lesion size and the amount  of  denervation shrinkage can also be evaluated 
volumetrically f rom autoradiograms.  A computer  can yield the volumes of lesions 
and denervated and intact structures by integrating cross-sectional areas of  these 
structures over known distances. The ratio of  the volume of the lesion or deaf- 
ferented structure to that of  the intact structure represents the total amount  of  lesion 
or shrinkage. Since most  lesions are partial, the extent of  lesion is best represented 
volumetrically. However,  for evaluating autoradiograms of  binding, it may be 
misleading to normalize binding data with respect to the total amount  of  shrinkage 
in a denervated structure. Depending on the somatotopic  innervation of  a particular 
area, volumetric estimates of  shrinkage af ter ' the introduction of  incomplete lesions 
may under- or over-estimate the extent of  shrinkage in a particular subregion of the 
structure. Biochemical data are usually taken f rom adjacent brain sections over a 
small region. It is desirable then to correlate shrinkage in a particular region to the 
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Fig. 1. Autoradiograms of  coronal brain sections from rats 3 months after unilateral striatal kainate le- 
sions. A: striatum. B: globus pallidus, GP. C: substantia nigra, SN. The areas analyzed are outlined in 
white. 
TABLE I 
MEASUREMENTS OF CROSS-SECTIONAL AREAS OF SN AND GP AT VARIOUS TIME POINTS 
AFTER UNILATERAL STRIATAL KAINATE LESIONS 
Area measurements (mean ± S.E.M.) of SN and GP on the side contralaterai to the lesion are expressed 
in mm 2. Area measurements of corresponding structures ipsilateral to the lesion are given as ratios of  
those on the intact side. 
Time after lesion Region Intact side Lesioned side n P* 
(o70 Intact side) 
1 week SN 1.82 ± 0.03 106 ± 5 5 
GP 3.39 ± 0.10 105 + 4 5 
1 month SN 2.14 ± 0.08 92 + 8 4 
GP 3.61 + 0.08 83 ± 3 4 
3 to 4 months SN 1.76 ± 0.13 81 + 5 7 
GP 3.12 ± 0.19 84 ± 6 6 






* One-tailed paired Student's t-test. 
n.s., not significant. 
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biochemical data taken from it. For these reasons, binding data in brain areas 
should be normalized with respect to the decrease in cross-sectional area of the 
region undergoing analysis rather than to the entire volume of  a structure. 
Our data demonstrate the usefulness of  autoradiograms in quantitating the 
amount  of  denervation shrinkage. Earlier investigators studying receptor binding in 
deafferented brain regions attempted to deal with the shrinkage phenomenon in 
various ways. Most researchers use protein levels or wet tissue weight to standardize 
binding [1, 8] but this method does not actually correct for or assess shrinkage. 
Others have tried gross volume dissection and expressed binding in terms of  the en- 
tire structures of  interest [2, 7]. We have studied the binding of  additional ligands 
not coupled to the receptor under investigation as a means of  defining specific and 
non-specific receptor changes [6]. While these methods allow an estimate of some 
aspects of  the changes which occur after denervation, they do not directly quantitate 
the amount of  shrinkage. Anatomists have made use of  volumetric measurements 
of  structures for many years but their techniques are rarely used by pharmacologists 
[5]. We have found the anatomical methods useful. With computer-assisted 
analysis, cross-sectional areas (and volumes) can easily be estimated from receptor 
autoradiograms which give clearly outlined images of  various structures. Lesion 
sizes and the amount of shrinkage due to denervation can then be evaluated, We 
have also used the technique with Nissl-stained sections and deoxyglucose auto- 
radiograms. However, the receptor autoradiograms often give the best definition of  
structure under the enlarger. With information on denervation shrinkage neuro- 
scientists can make more realistic assessments of  binding or metabolic changes in 
deafferented areas of  lesioned animals. 
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